We evaluated the usefulness of soluble transferrin receptor (sTfR) and of the sTfR/log ferritin index (sTfR/logF) in the differentiation of anemia in young children. 96 children, aged 6-36 months, were examined. From these, four groups were distinguished: 1 -(IDA): 33 children with anemia due to iron deficiency; 2 -(IA): 19 children with infectious anemia without iron deficiency; 3 -(IA + ID): 16 children with infectious anemia and iron deficiency; and 4 -a comparator group (CG): 28 healthy children without iron deficiency. The soluble transferrin receptor, hematological indices and iron balance were evaluated and the sTfR/logF was calculated for each examined child. It was proved that the mean values of sTfR and sTfR/logF were substantially higher in children with anemia due to iron deficiency, and in those with infectious anemia and iron deficiency, vs. those with infectious anemia or in healthy children. This suggests that both sTfR and the sTfR/logF are good indicators of iron deficiency and could be useful in the differential diagnostics of anemia, especially in young children.
Introduction
Anemia is a significant medical problem often diagnosed in infants and young children. There are many causes of anemia; the most frequent of these are acute and chronic infections, iron deficiency, or both factors simultaneously. Identifying the cause is a very important step in anemia management, as it determines the treatment to be applied [1] [2] [3] [4] . Iron balance evaluation in patients with anemia is based on complex hematological and biochemical assays, including serum iron concentration (Fe), unsaturated iron-binding capacity (UIBC), ferritin concentration (F), and calculating the total iron-binding capacity (TIBC) and transferrin saturation index (TSI) . As yet, there is no single laboratory test to recognize iron deficiency [5] [6] [7] [8] . Over recent years, serum concentrations of soluble transferrin receptor have been investigated as a marker of iron status.
The transferrin receptor is a transmembrane glycoprotein, made up of two identical subunits connected by a pair of disulphide bridges, forming a molecule of 190 kDa [9] [10] [11] . The role of the transferrin receptor is to insert iron into a cell center by joining transferrin molecules in the blood [9, 12] . Among healthy adults, about 70-80% of the receptor's systemic pool is on the erythroid cells [13] [14] [15] .
Present in blood serum, soluble transferrin receptor, first described by Kohgo [16] in 1986, is a shortened extracellular domain of the whole cellular receptor, formed in result of its proteolitic disintegration [17, 18] . Many authors have described correlations observed between the soluble transferrin receptor concentration and the number of cellular receptors [6, 10, 14, 15, 19] . R'zik et al. [20] proved www.fhc.viamedica.pl that soluble transferrin receptor was a fairly constant fraction that constituted about 6% of tissue receptor. It has been documented that an intensification of erythropoesis [14] [15] [16] and iron status [21] had the biggest influence on soluble transferrin receptor levels. Thus, numerous studies have been and are still being carried out on the usefulness of sTfR in the diagnostics of iron deficiency [13, 21, 22] in order to differentiate iron deficiency-caused anemia from that which arises in the course of acute or chronic inflammatory disease [23] . Some research has also been done to monitor the effects of either recombinant human erythropoietin treatment [24] or of supplementary treatment with iron preparations [25] .
It has been proved that serum sTfR concentrations substantially increase in the course of anemia due to iron deficiency, but remain unchanged in anemia caused by inflammatory disease. Moreover, it seems that the calculated sTfR/logF index is more useful vs. sTfR alone in the diagnostics of iron deficiency in patients with inflammatory disease [26, 27] .
The aim of this study was to evaluate the diagnostic usefulness of serum sTfR concentrations and of the sTfR/logF to differentiate iron deficiency-caused anemia from inflammatory anemia in young children. Moreover, some authors have suggested that a simultaneous evaluation of the soluble transferrin receptor and ferritin concentrations can diagnose iron deficiency better than sTfR concentration in children alone. Thus, the soluble transferrin receptor index (sTfR/logF) was calculated according to the following formulas: serum receptor concentration divided by ferritin concentration logarithm and multiplied by 100 [29, 30] .
Material and methods
The results were statistically analyzed. Gauss test was used to confirm the normality of distribution of all the studied features. A comparison of the mean values among the three age groups of the comparator group was performed with the single factor ANOVA/Fisher's test, while comparisons among groups were made with the Student's test. The relationships among the features were described by Pearson's correlation coefficient (r). Statistical significance of the calculated correlation coefficients was verified at the level of |r| ≥ 0.4. The study test was compared with a reference test, taking into account the characteristics parameters (sensitivity, specificity, accuracy). The cut-off points were the highest values of the range obtained in the children from the comparator group.
The Commission of Ethics of Scientific Research at the Polish Mothers' Memorial Hospital -Research Institute in Lodz approved the study protocol.
The parents of all the qualified children gave their consent for the participation of their children in the study.
Results
Medical history, physical examination and hematological and biochemical assays distinguished the following three groups: group 1 (IDA): 33 children with iron deficiency anemia; group 2 (IA): 19 children with infectious anemia without iron deficiency; and group 3: 16 children with acute airways infection and iron deficiency (IA + ID -infectious anemia and iron deficiency). A comparative group (CG) consisted of 28 healthy children with regular hematological and biochemical results.
Among the healthy children (CG), the following three age brackets were distinguished: 6-12 months, 13-24 months and 25-36 months, with sex consideration in each bracket. No statistically significant differences were observed in terms of mean soluble transferrin receptor values, even when the age and sex of the examined children were taken into account. Consequently, neither sex nor age was considered in the analysis of sTfR concentrations of the examined children with anemia.
See Table 1 for sTfR concentrations and sTfR/logF results in the examined children.
The mean values of sTfR concentration and of the sTfR/logF were significantly higher in IDA and IA + ID children vs. those with infectious anemia and the healthy CG subjects. It should be noted that the two groups without iron deficiency presented similar values.
Due to the fact that the applied manufacturer's sTfR concentration reference values concerned adults, and that no standardized norms for sTfR concentration in children had been developed, the average concentration ± 2 standard deviations in the children from the comparator group were treated as reference values: 1.87 ± 0.62 mg/l. Thus, the correct values were 1.25-2.49 mg/l. In the same way, based on the results of the CG children, a range of reference values for the sTfR/logF was developed, as 0.71-1.72.
Then, the results of individual measurements in the examined children were compared to the estimated range of reference values. See Figure 1 for individual sTfR concentrations vs. estimated reference values in particular groups of examined children.
It has to be emphasized that no sTfR concentration above 2.49 mg/l was found in any child from the comparative group. However, in children with iron deficiency anemia (IDA) and infectious anemia and iron deficiency (IA + ID), serum sTfR concentrations were higher than those in the reference group and with infectious anemia. The differences between IA and CG children were not statistically relevant.
High values of the sTfR/logF (above 1.72) were found in 3.6% of the examined CG children and in 10.5% of the IA children. Nevertheless, the percentage of children with incorrect sTfR/logF values was statistically higher among the IDA and IA + ID subjects vs. those without iron deficiency from either group (IA and CG).
The subsequent stage of the study focused on relationships between soluble transferrin receptor concentrations and biochemical iron balance index val- ues (Fe, UIBC, TIBC, TSI, ferritin concentration) in the examined groups of children. The same analysis was done in reference to the sTfR/logF; see Table 2 for results. In the IDA group, a statistically significant relationship was found between both sTfR and the sTfR/ /logF and the above-mentioned parameters (proportional for UIBC and TIBC and inversely proportional for Fe and TSI). Those sTfR relationships were not found in any of the children from the other groups, while the sTfR/logF confirmed a relevant correlation between ferritin concentrations in children from all the groups, except the IDA group, most significantly expressed in children without iron deficit (IA and CG). Moreover, this index correlated with total and unsaturated iron-binding capacity in children with infectious anemia.
In order to evaluate the clinical value of serum soluble transferrin receptor concentrations and of the sTfR/logF values to differentiate IDA from IA, the sensitivity, specificity and accuracy were studied for each of the studied factors. The cut-off points were the upper and lower limits of the value ranges established for the CG children. In all the groups, the sensitivity of the sTfR concentration was 100% and the accuracy was above 90%, although there were certain differences in the specificity, being above 90% in the IDA and IA and under 90% in the IA + ID children. The sensitivity, accuracy and specificity for the sTfR/logF were high i.e. over 90% (see Figure 2) .
Discussion
Recognising anemia caused by iron deficiency requires an evaluation of the medical history of an individual patient, subject examination, and complex hematological and biochemical examinations. This statement is in accord with the opinions of other authors [1, [5] [6] [7] [8] .
Many authors emphasize the fact that there is no one single study that can inform about iron deficiency. Cook et al. [31] , in population studies, proved that no single index, including TSI, ferritin concentration, or the level of protoporphyrin in erythrocytes, was a proper indicator of iron deficiency; they found that in 8.3% of healthy people, one of these parameters was incorrect.
However, Burns et al. [7] showed that among hospitalized patients, ferritin concentration gave the most effective estimation, with 90% of properly diagnosed iron deficiency cases, 84% for complete iron binding ability, 50% for the transferritin saturation index, and 41% for serum iron concentration vs. bone marrow bioptate evaluations. Punnonen et al. [30] , in turn, while examining adults with iron deficiency anemia, found that in 95% of cases lowered serum ferritin concentrations correctly identified iron deficiency, as confirmed by bone marrow biopsy. But among patients with chronic inflammatory disease, proper serum ferritin concentrations did not exclude iron deficiency. Nevertheless, other authors have claimed transferrin saturation index below 16% to be the best iron deficiency indicator [1, 28] . It should be noted that a relatively large variation of biochemical parameters, especially iron and ferritin concentrations and the transferrin saturation index, indicate a need for a simultaneous evaluation of several indices [32] [33] [34] . In our study, iron deficiency was identified in children also diagnosed with decreased serum iron concentrations, elevated unsaturated iron-binding capacity, TSI under 16% and low ferritin concentrations simultaneously. www.fhc.viamedica.pl nose iron deficiency. The problems with iron deficiency identification are heightened even further by the occurrence of acute or chronic infection and/or neoplastic disease [7, 9, 35, 36] .
It has to be remarked that in the analyzed results of the children with anemia, no age or sex distinction was taken into account due to the lack of any difference concerning these two aspects in the CG children. This observation agrees with the results of other authors [3, [37] [38] [39] [40] .
Soluble transferrin receptor values in children with IDA were 2.4 times higher, and in patients with infectious anemia and iron deficiency (IA + ID) two times higher, than sTfR values in IA and CG children. For sTfR/logF, which was 8.2 times higher in children with IDA and 3.7 times higher among the subjects with IA + ID, the same differences were found, although more strongly expressed. However, no sTfR differences were observed between IA and CG children. Also, it has to be remarked that sTfR/ /logF values were lower in IA children than in those from the comparator group, as a consequence of increased serum ferritin concentration in children in the former group during the course of disease.
Similar differences were observed in examinations of 1-6 year old children by Malope [41] and of 1-10 year old children by Angeles Vázquez López [26] .
The results of examinations of other authors also demonstrate the usefulness of sTfR concentrations and sTfR/ /logF values in differentiating IDA from IA, as no increase in either parameter was observed in patients with infectious anemia without iron deficiency [27, [42] [43] [44] .
However, it has to be stated that anemia type differentiation solely by sTfR and sTfR/logF must be done carefully because, as proved by Wians et al. [45] , sTfR and sTfR/logF can also be increased in children with infectious anemia. Similarly, among the subjects of the study, 10.5% of IA children demonstrated increases in both of these parameters.
Nevertheless, the correlation between sTfR concentrations, biochemical iron indices, especially those of iron and ferritin concentration in blood serum, total iron-binding capacity [44, 46, 47] and TSI value [44, 48] , indicate the usefulness of the soluble transferrin receptor assay in anemia type differentiation. A correlation analysis showed statistically significant relationships among sTfR and iron concentration, unsaturated iron-binding capacity and TSI only in IDA children. No such relationship was found in any children from either group without iron deficiency, corresponding to the results of Kohgo et al. [15] . Other authors have not shown any statistically significant correlations between sTfR and biochemical iron indices in healthy, growing boys [49] or in infants and young children [38] . In addition, the challenges encountered in evaluating iron balance in infants and young children are connected with the need for a relatively large blood sample for complex laboratory tests. This inclines the authors to seek a single examination method to diag- These relationships confirm that soluble transferrin receptor increases with growing iron deficiency, but remains unchanged when iron stores are correct. Such a close relationship was not observed for the sTfR/logF.
The evaluated sensitivity, specificity and accuracy of sTfR and sTfR/logF indicate the possibility of their clinical usefulness in the differential diagnostics of anemia, as confirmed by the results of Wians et al. [45] , Baillie et al. [50] and Olivares et al. [44] . In our study, the obtained sensitivity, accuracy and specificity was 100%, > 90% and > 87%, respectively for sTfR in both groups of children with anemia and iron deficiency, but all those parameters were over 90% for the sTfR/logF.
Moreover, it seems that the use of these assays in everyday pediatrics is legitimate, due to the relatively small blood sample required for particular assays. However, standardized age norms would be important for their broader clinical application.
Conclusions
1. This study demonstrated the usefulness of soluble transferrin receptor and its index in the differential diagnosis of anemia in young children. 2. The stated correlation between sTfR and the examined parameters of iron balance suggests that sTfR can be treated as a proper iron deficiency indicator. 3. Our results showed no differences in sTfR concentration in terms of either sex or age of the examined children. 4. The relatively low examination costs and small blood sample amounts make the sTfR assay useful in the differential diagnosis of anemia, especially in young children.
